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Abstract 
Broken kernels are among the by-products of processing cashew nuts which have less commercial value. The present 
work aimed to obtain a cashew kernel protein concentrate from broken kernels, and then characterize it as well as 
using it in a vegetable burger formulation. The concentrate was obtained by isoelectric precipitation at four different 
pHs and subsequent drying. Higher yield was 58.6% of proteins (pH 4.0 and 4.5). The concentrate showed Water 
Absorption Capacity (WAC) of 1.85 mL/g and Oil Absorption Capacity (OAC) of 1.06 mL/g, as well as low solubility 
in aqueous medium and low foaming capacity. The concentrate was used in vegetable burger production as a 
substitute for soybean protein. The burgers were submitted to sensory evaluation and obtained an average of 6.6 
on a nine-point scale, thus being within the acceptance zone. Regarding the purchase intent, 60% of the judges 
would probably or would certainly buy the product. Therefore, the cashew kernel protein concentrate can be used 
as a protein ingredient for food formulation. Producing cashew kernel protein concentrate allows the use of broken 
kernels generated in the cashew nut industrial process. 
Keywords: Anacardium occidentale L.; Acid precipitation; Functional properties; Nut; Protein ingredient; Proximate 
composition. 
Resumo 
Amêndoas quebradas estão entre os subprodutos do processamento da castanha de caju e possuem menor valor 
comercial. O objetivo deste trabalho foi obter um concentrado proteico de amêndoas quebradas de castanha de 
caju, caracterizá-lo e utilizá-lo em uma formulação de hambúrguer vegetal. O concentrado foi obtido por 
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precipitação isoelétrica em quatro valores de pH diferentes com subsequente secagem. O maior rendimento foi de 
58,6% de proteínas nos pHs de 4,0 e 4,5. Quanto à capacidade de absorção de água e de óleo, o concentrado 
apresentou os seguintes resultados, respectivamente, 1,85 mL/a e 1,06 mL/g, assim como baixa solubilidade em 
meio aquoso e baixa capacidade de formação de espuma. Como uma alternativa ao uso da proteína de soja, o 
concentrado foi utilizado na fabricação de hambúrgueres vegetais. Esses hambúrgueres foram submetidos à 
avaliação sensorial e obtiveram média de 6,6 em uma escala de 9 pontos, estando assim dentro da zona de 
aceitação. Em relação à intenção de compra, 60% dos provadores declararam que provavelmente ou certamente 
comprariam o produto. Portanto, o concentrado de amêndoa de castanha de caju pode ser utilizado como um 
ingrediente proteico para uso na formulação de alimentos. A produção de concentrado proteico de amêndoa de 
caju permite o uso das amêndoas quebradas geradas no processo industrial da castanha de caju. 
Palavras-chave: Anacardium occidentale L.; Precipitação ácida; Propriedades funcionais; Castanha; Ingrediente 
proteico; Composição centesimal. 
1 Introduction 
The cashew kernel is an especially important product in the international nut market. However, obtaining 
this product generates up to 40% of broken kernels (Lima et al., 2017). The process of extracting oil from the 
broken kernels is being used to enhance its economic value and leads to a flour which is rich in proteins 
(Aroyeun, 2009). The flour that is obtained from the kernel oil extraction can be used in protein concentrate 
production, thereby giving a new use to this by-product derived from the cashew nut processing industry. 
Vegetable protein extraction can be commercially done by precipitation in acid solutions to obtain 
concentrates (48% to 70% protein) or by solubilization in alkaline solutions previous to the acid precipitation 
to obtain an isolate as the final product (85% to 90% of protein) (Moure et al., 2006). 
The use of cashew kernels to obtain concentrate and isolate proteins has been reported by some authors. 
Ogunwolu et al. (2009) reported obtaining protein concentrate and isolate by alkaline extraction and 
isoelectric precipitation, as well as by alkaline extraction and methanol precipitation. Queiroga Neto et al. 
(2001) reported the functional properties of the protein isolates prepared from raw and heat-processed cashew 
nut kernels. Bora & Queiroga Neto (2004) evaluated the effect of salt on the functionality of native and 
denatured Cashew Nut Protein Isolates (CNPI). Sharma et al. (2010) evaluated the characteristics of proteins 
obtained by saline extraction from the defatted flour of cashews and other nuts. However, none of these 
authors reported the process and characteristics of the protein concentrate obtained by only acid precipitation, 
which is a simpler method for obtaining protein. 
Proteins obtained from vegetables can be incorporated into foods to increase their nutritional value and 
functional properties such as solubility, water and oil absorption capacity, foaming capacity and foam 
stability (Moure et al., 2006). 
The Empresa Brasileira de Pesquisa Agropecuária (Embrapa) developed a vegetable cashew burger 
formulated with the fiber resulting from juice extraction (Lima et al., 2016). In this formulation the soybean 
protein was used to increase the amount of protein in the burger, but other sources of proteins can be tested. 
Therefore, the objective of this work aimed to obtain a protein concentrate from defatted cashew kernel flour 
and to evaluate its composition, functional properties and its use in formulating vegetal burgers. 
2 Material and methods 
2.1 Preparation of the protein concentrate 
Broken cashew kernels were obtained from a local industry (Fortaleza, Brazil) and ground (Robot Coupe 
R502V.V, Vincennes, France). To obtain a flour without oil it was used a Soxhlet apparatus and hexane 
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extraction for 10 h. The extraction was followed by heating at 60 °C for 1h for solvent removal, milling and 
screening through 60 mesh size (Fritsch Pulverisette 19, Idar-Oberstein, German). 
Concentrate protein was obtained by isoelectric precipitation. Four pH levels were tested and the protein 
content was used to select the best pH. The dried defatted flour was suspended in distilled water at a 1:15 
ratio, the pH was adjusted to the test value (3.0, 3.5, 4.0 or 4.5) using 0.5 M HCl and stirred for 15 min. The 
precipitate was separated by centrifuging at 1600 xG for 30 min, dried at 60 °C for 14 h and milled again as 
described earlier. The experiment was performed three times, the proteins (N x 6.25) were determined 
(Association of Official Analytical Chemists, 1997) and the results were submitted to Analysis of Variance 
(ANOVA) and Tukey’s test (α=0.05) to compare the mean values (SAS Institute, 2009). 
2.2 Physicochemical analysis 
Defatted cashew kernel flour and cashew kernel protein concentrate obtained in the selected pH in the 
previous experiment were analyzed for moisture, ash, lipid, carbohydrate and protein contents (N x 6.25) 
(Association of Official Analytical Chemists, 1997). Analyses were performed three times and the results 
were submitted to ANOVA and the F-test (α=0.05) was used to compare the mean values (SAS Institute, 
2009). 
2.3 Functional properties 
Cashew kernel protein concentrate obtained in the pH selected in the previous experiment was analyzed 
for Water Absorption Capacity (WAC) and Oil Absorption Capacity (OAC) (Lin et al., 1974). Medium-sized 
light textured soybean protein purchased in the local market that was used to formulate the burgers (item 2.4) 
was also analyzed and used as a reference. Analyses were performed three times and the results were 
submitted to ANOVA and the F-test (α=0.05) was used to compare the mean values (SAS Institute, 2009). 
Water solubility, foaming capacity and foam stability (Glória & Regitano-d’Arce, 2000) were analyzed 
and the results were presented in graphs. 
2.4 Using the cashew kernel protein concentrate in vegetal burger formulation 
Two formulations of vegetal burgers were elaborated. The first formulation was prepared according to 
Lima et al. (2016) with the use of treated cashew fiber (27.0%), medium-sized light textured soybean protein 
(27.0%), tomato (16.3%), onion (5.5%), bell pepper (3.1%), garlic (0.9%), powder pepper (0.1%), dehydrated 
parsley (0.2%), salt (1.2%), corn oil (1.0%), wheat flour (8.0%) and water (9.7%). The burgers were prepared 
in 80 g units. The second formulation was prepared replacing the 27% of soybean protein by cashew nut 
concentrate obtained with the pH selected in the previous experiment. Burgers from both formulations were 
stored in a freezer at -18 °C after being packed in polyethylene plastic materials. 
The burgers were analyzed for moisture, ash, lipid, carbohydrate and protein contents (Association of 
Official Analytical Chemists, 1997). It was also calculated their energy value by the use of the factors of 
4 kcal/g for carbohydrates and proteins and 9 kcal/g for lipids (Brasil, 2003). They were also submitted to a 
sensory acceptance test (Meilgaard et al., 2006) performed with 50 judges to access their reasonable level of 
liking for the burgers. It was used a 9-point structured hedonic scale, ranging from 1 (I disliked it very much) 
to 9 (I liked it very much). The judges were also questioned about their intent to purchase the burgers using 
a 5-point structured scale ranging from 1 (I certainly would not buy it) to 5 (I certainly would buy it). The 
burgers were prepared for the sensory tests on a non-stick frying pan with corn oil added (10 mL) and heated 
for 5 min. The burgers were served to the judges in white plates coded with random three-digit numbers. The 
results were presented as histograms of frequency. Sensorial tests protocols were previously approved by the 
Research Ethics Committee of the Ceará State University (number 147.279). 
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3 Results and discussion 
3.1 Physicochemical and functional properties 
Cashew kernels concentrate with higher protein content was obtained by precipitation in pH 4.0 and 4.5 
(Table 1). This pH range was also used to obtain protein concentrates from black beans (Ribeiro et al., 2009), 
baru almonds (Guimarães et al., 2012), Brazil nuts (Glória & Regitano-d’Arce, 2000) and cashew nuts 
(Ogunwolu et al., 2009). 
Table 1. Protein content of cashew kernel concentrate obtained in different pH (mean ± sd, n=3). 
pH Protein (%) 
3.0 56.1 ± 0.7 c 
3.5 57.2 ± 1.1 bc 
4.0 58.6 ± 0.4 a 
4.5 58.3 ± 0.8 ab 
In the column, averages sharing the same letters, are not significantly different (Tukey’s test, α = 0.05). 
The concentration process by isoelectric precipitation led to a concentrate with 58.6% of total proteins 
(Table 2). This value corresponds to a 29.9% increase in the originally protein content in the defatted flour. 
Although there are no specific limits for kernels protein concentrates in Brazilian legislation, there is a limit 
for protein products in general, which is at least 40% (Brasil, 2005). The concentration process did not affect 
the lipid content of the defatted flour but led to a concentrate with less carbohydrates and ashes than the flour, 
probably due to the solubilization of these components in water during the precipitation process. The protein 
content obtained was similar to a Brazil nut concentrate with 59.3% of proteins described by Glória & 
Regitano-d’Arce (2000), and higher than cupuaçu (Theobroma grandiflorum (Willd. ex Spreng.) K. Schum.) 
concentrate with 31.1% of proteins described by Carvalho et al. (2009), both obtained by isoelectric 
precipitation. 
Table 2. Proximate composition of defatted cashew kernel flour and cashew kernel protein concentrate (mean ± sd, 
n=3). 
Components (%) Defatted flour Protein concentrate 
Dry solids 94.5 ± 0.3 a 93.1 ± 0.2 b 
Ashes* 4.9 ± 0.0 a 1.9 ± 0.2 b 
Lipids* 2.9 ± 0.1 a 2.8 ± 0.0 a 
Proteins* 45.1 ± 0.1 b 58.6 ± 0.4 a 
Carbohydrates* 47.1 ± 0.1 a 36.7 ± 0.4 b 
*Dry basis. In each row, averages sharing the same letters are not significantly different (F test, α = 0.05). 
The WAC of the cashew kernel concentrate was 1.85 mL/g (Table 3). The WAC of proteins is influenced 
by different parameters such as shape, steric factors, conformational characteristics, hydrophilic-hydrophobic 
balance of amino acids in the protein molecules as well as the components of the food matrix like lipids, 
carbohydrates and tannins (Adiamo et al., 2015). The high water absorption capacity presented by the cashew 
kernel concentrate may be related to its carbohydrates content since these compounds contain starch which 
can gelatinize and enhance the water holding capacity (Elleuch et al., 2011, Wang et al., 2006). The WAC of 
cashew kernel concentrate was lower than the results observed for soy protein used as a reference but similar 
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to those observed for cashew kernel concentrate (1.74 mL/g) (Ogunwolu et al., 2009), baru nut concentrate 
(1.93 mL/g) (Guimarães et al., 2012) and Kariya seed concentrate (2.06 mL/g) (Adiamo et al., 2015). The 
WAC is important in protein concentrates, especially for manufacturing foods like soups and baked products. 
Table 3. Water Absorption Capacity (WAC) and Oil Absorption Capacity (OAC) of cashew kernel protein 
concentrate (mean ± sd, n=3). 
Determination (mL/g) Protein concentrate Soy protein (reference) 
Water Absorption Capacity 1.85 ± 0.03 b 2.58 ± 0.08 a 
Oil Absorption Capacity 1.06 ± 0.06 b 1.19 ± 0.03 a 
In each row, averages sharing the same letters are not significantly different (F test, α = 0.05). 
The result of OAC (1.06 mL/g) (Table 3) was lower than the value observed for soy protein used as a 
reference and the reported for Brazil nut concentrate (1.45 mL/g) (Glória & Regitano-d’Arce, 2000). 
However, the concentrate can practically absorb its own weight in oil, which is an important characteristic 
because oil can retain flavors and increase the mouthfeel of foods (Aremu et al., 2007), and is useful in 
manufacturing sausages, for example (Ogunwolu et al., 2009). 
The minimum solubility of the cashew kernel concentrate was almost 0% at pH 4, while the maximum 
solubility was 50% at pH 12.0 (Figure 1). The minimum solubility close to the isoelectric point could be a 
result of net charge of peptides, and the surface hydrophobicity which leads to the aggregation and 
precipitation via hydrophobic interactions (Adiamo et al., 2015, Sorgentini & Wagner, 2002). The obtained 
maximum solubility values were similar to the values reported for walnut protein concentrate (47.54%) at 
pH 12.0 (Mao & Hua, 2012), but smaller than that reported for Brazil nut concentrate (86.8%) at pH 12.0 
(Glória & Regitano-d’Arce, 2000). Low solubility in the acid pH range of the cashew kernel concentrate 
indicates its use for producing semi-solid foods such as yogurt, or solid foods such as pasta and other baked 
products. 
 
Figure 1. Protein solubility of cashew kernel protein concentrate as a function of pH. 
The foaming capacity at the initial time was less than 2% (Figure 2) and moved to zero in five minutes. 
Protein foaming property refers to the formation of a film between gas and liquid. The presence of sugars, 
salts and lipids can impair the formation of foam, as it increases the stability of the protein structure, 
decreasing their ability of adsorption in the air-water interface (Damodaran et al., 2010). The presence of 
lipids in the cashew kernel protein concentrate was 2.8% which can reduce the foaming of proteins, as they 
have few cohesive and viscoelastic properties that are necessary for forming bubbles (Damodaran et al., 
2010). Therefore, the low foaming formation capacity and stability exhibited by the cashew kernel protein 
concentrate limit its use as a foaming agent in aerated produts like mousses and ice creams. 
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Figure 2. Foaming capacity and stability (%) of cashew kernel protein concentrate as a function of time. 
3.2 Vegetal burger formulation 
The two burgers showed high moisture and carbohydrate contents and low lipid content (Table 4). Burgers 
elaborated with cashew kernel concentrate presented higher moisture and protein content than the burger 
with soybean protein, as well as lower carbohydrates, ashes and energy value than the other formulation. 
Table 4. Proximate composition of vegetal burgers made with cashew kernel protein concentrate and soybean protein 
(mean ± sd, n=3). 
Components Soybean protein burger Cashew kernels concentrate burger 
Moisture (%) 70.3 ± 0.6 b 71.4 ± 0.7 a 
Ashes (%) 2.1 ± 0.1 a 1.3 ± 0.1 b 
Lipids (%) 1.3 ± 0.2 a 1.5 ± 0.2 a 
Proteins (%) 6.7 ± 0.7 b 7.1 ± 0.4 a 
Carbohydrates (%) 19.6 ± 1.6 a 18.7 ± 1.8 a 
Total energy value (kcal/100 g) 118.0 ± 1.1 a 115.4 ± 2.3 b 
In each row, averages sharing the same letters are not significantly different (F test, α = 0.05). 
The two burgers formulations tested showed low energy values. The burger portion with the added cashew 
kernel concentrate (80 g) showed 92.3 kcal, which corresponds to only 4.6% of the recommended daily 
calories (2000 kcal) (Brasil, 2003). Furthermore, traditional burgers made with beef have around 170 kcal in 
a portion of 80 g (Universidade Estadual de Campinas, 2011) which is 84% more calories than the vegetal 
burger made with added cashew kernel concentrate. Thus, the physicochemical composition and total energy 
values showed by the burger elaborated with cashew kernel concentrate indicate its consumption by persons 
with calorie restriction. 
Regarding sensory acceptance, 72% of the hedonic scores (Figure 3) for the soybean protein burger and 
80% for the cashew kernel concentrate burger were within the acceptance zone of the scale, between the 
evaluation of “like slightly” to “extremely like”. Moreover, 55% of the judges said that they would buy or 
certainly would buy the burgers made with soybean protein and 60% for the cashew kernel concentrate burger 
when asked about their purchase intent (Figure 4). 
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Figure 3. Histograms of frequency for the sensory acceptance of burgers made with soybean proteins and with 
cashew kernel concentrate proteins. (1) Dislike extremely, (2) dislike very much, (3) dislike moderately, (4) dislike 
slightly, (5) neither like nor dislike, (6) like slightly, (7) like moderately, (8) like very much, (9) like extremely. 
 
Figure 4. Histograms of frequency for the purchase intent of burgers made with soybean proteins and with cashew 
kernel concentrate proteins. (1) I certainly would not buy it, (2) I probably would not buy it, (3) I’m not sure if I would 
or would not buy it, (4) I would probably buy it, (5) I certainly would buy it). 
The sensory acceptance mean values for the two burgers formulations were 6.6 on a nine-point scale, so 
it can be concluded that the cashew kernel concentrate protein can replace the soybean protein in the burger 
formulations. 
4 Conclusions 
Cashew kernels concentrate with 58.6% protein can be obtained by isoeletric precipitation at the pH range 
of 4.0 to 4.5. The obtained concentrate had both high Water Absorption Capacity, Oil Absorption Capacity 
and low water solubility in the acid pH range, low foaming formation capacity and low foaming stability. 
The sensory hedonic values for burgers formulated with the cashew kernels protein concentrate were high. 
The functional properties exhibited by cashew kernels protein concentrate and the sensory acceptance of the 
burgers made with its incorporation showed that the concentrate may be a good source of protein ingredient 
regarding food formulations. Therefore, the cashew kernel protein concentrate is another way to use the 
broken kernels generated in the cashew nut industrial process. 
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